In nine patients with Wolff-ParkinsonWhite syndrome the site of initial contraction detected was identical with the site of the accessory pathway found by catheter mapping. The sites of origin of the ventricular tachycardias determined by catheter mapping were within 3 cm of the sites detected by the new technique.
Abstract
A new tomographic technique combined with phase analysis was used to detect premature and ectopic ventricular contraction patterns in 15 patients with Wolff-Parkinson-White syndrome and during ventricular tachycardia in seven patients. Data generated by gated singlephoton emission computed tomography (SPECT) were analysed by backprojection of the Fourier coefficients, doubleangulation, and integration to thick slices containing the ventricles, thus allowing visualisation of the contraction patterns in three perpendicular views. The results were compared with those of catheter mapping.
In nine patients with Wolff-ParkinsonWhite syndrome the site of initial contraction detected was identical with the site of the accessory pathway found by catheter mapping. The sites of origin of the ventricular tachycardias determined by catheter mapping were within 3 cm of the sites detected by the new technique.
This new technique seems to be a promising non-invasive method for localising ectopic ventricular activity that will considerably shorten the time required for subsequent invasive procedures.
(Br HeartJ 1993;69: [201] [202] [203] [204] [205] [206] [207] [208] [209] [210] The exact site of the accessory pathway must be identified before patients with WolffParkinson-White syndrome (WPW syndrome) can be treated with catheter ablation. Similarly, the detection of the site of origin of tachycardia is essential for intraoperativel or catheter ablation2 in patients with sustained ventricular tachycardia. Invasive catheter mapping is the standard method used to localise accessory pathways in WPW syn- drome' and identify the site of origin of ventricular tachycardias4 before interventional procedures.
It is difficult to localise anterograde con- 56-3 (12-2) years (range Siemens) . Fourteen minutes of active data acquisition was needed and six minutes for the deposition of the data. The parameters mean (zero harmonic), sine, and cosine coefficients of the first harmonic were extracted by Fourier analysis and backprojected. All pixels were then re-aligned along the long axis of the left ventricle (hence double-angulation). Four defined projections (those chosen for angiography and echocardiography) were calculated. Mean, sine, and cosine coefficients were added (integrated) to form thick slices that contained the complete ventricle under investigation. The integration was performed for each of the four chosen views (fig 1) . This view dependent addition of voxels means that the images represent a projection of the corresponding view rather than a single slice. Finally, we calculated the phase values from each pixel ( fig 2) . In summary, these procedures result in planar scans of the heart in three projections. In this way, the contraction patterns and initial inward motion of each cardiac chamber was assessed separately without significant overlap of other cardiac structures. 26 We performed conventional radionuclide ventriculography to calculate the ejection fraction after each SPECT investigation (see table 1 ). Two investigators who were unaware of the results of the catheter mapping procedure independently evaluated the frames of double-angulated integrated SPECT.
LOCALISATION OF ACCESSORY PATHWAYS BY DA-ISPECT Figure 3 shows the eight different areas along the atrioventricular ring that were used to localise the accessory pathways. The results were compared with those from catheter mapping. When the sites were identical the correlation was 2, when the sites were adjacent the correlation was 1 and in all other cases the correlation was 0. L-:- --' by DA-ISPECT.
All patients had given informed c4
The study complies with the declara Helsinki. Figure 5 shows the DA-ISPECT image for a patient (case 22) with a left lateral accessory pathway confirmed by catheter mapping. Because of a long effective refractory period, atrioventricular conduction along the accessory pathway could be blocked by intravenous ajmaline (50 mg), and a normal contraction pattern ensued ( fig 5) . Figure 6 shows the results of a DA-ISPECT study from a patient in whom catheter mapping identified a left posterolateral accessory pathway 3 cm distal to the ostium of the coronary group 7) . The postoperative electrophysiological study showed a second accessory pathway at this site with an effective refractory period of 250 ms. However, this bundle was operating only intermittently, which is why it was not found during the preoperative and intraoperative electrophysiological examination. When the preoperative DA-ISPECT study was retrospectively re-evaluated two sites of early contraction caused by two accessory pathways became apparent (fig 7) .
One patient with WPW syndrome (case 16) had atrioventricular reentrant tachycardias (260/min). Figure 8 shows (fig 2) . Later, after oral administration of flecainide (300 mg/ day), successful radiofrequency catheter ablation confirmed the presence of an accessory pathway located 1 cm anterior to the bundle of His. In the DA-ISPECT study after catheter ablation without preexcitation, the beginning of the contraction could be localised posteriorly only-a small distance from the site detected by the first DA-ISPECT study. In patient 19, another suc- cessful radiofrequency catheter ablation23 confirmed the exact atrial insertion site of the accessory pathway. In patient 12 with two bypass tracts, the site of the second pathway was localised from DA-ISPECT only by retrospective re-evaluation. Table 2 summarises the results. In 10 of the 14 patients in whom catheter mapping was performed the DA-ISPECT data correlated well with the catheter mapping data ( fig  3) . In three patients DA-ISPECT showed an area of early contraction next to the area found by catheter mapping. In one patient no correlation could be found between the two methods. In the four patients with two accessory bundles, only one pathway could be Table 3 shows the results in the patient group studied by DA-ISPECT during ventricular tachycardia. In two patients (cases 2 and 7) catheter ablation was not completely successful, though subsequent induction of the ventricular tachycardia was more difficult. The patients have not had tachycardia for 12 and 13 months respectively. Figure 9 shows the results of a DA-ISPECT study in patient 2, who had an anterior wall aneurysm. The contraction patterns from phase analysis during ventricular tachycardia and during sinus rhythm were completely different. During ventricular tachycardia the contraction started in the mid-ventricle at the anterior part of the septum. This coincided with the origin of the tachycardia found by catheter mapping and was confirmed by catheter ablation. Figure 10 shows a DA-ISPECT study from a patient (case 6) with a posterior wall aneurysm and an ejection fraction of 33% during ventricular ateral tachycardia. The initial contraction waŝ , located at the lateral side of the base of the ?e, left ventricle. Catheter mapping showed the ofthe site of origin of the ventricular tachycardia with a diastolic potential 100 ms before the QRS complex at the base of the ventricle, but this lay posteriorly, about 4 cm from the site of the initial contraction. In another patient (case 7) with a large anterior wall aneurysm (ejection fraction during ventricular tachycardia 17%) the site of origin of the ventricular tachycardia determined by catheter mapping was about 5 cm from the site detected by DA-ISPECT (table 3) . The interpretation of the DA-ISPECT image was difficult because large areas showed early contraction in this patient. This was also true of patient 4, who also showed poor left ventricular performance. A second early contracting area (fig 4) was identified from the DA-ISPECT image.
In five of the patients the site of initial contraction accorded with the origin of the ventricular tachycardia (table 3) . The differences seen in two of the patients will be discussed. The mean difference between the localisation of the focus by catheter mapping and by DA-ISPECT was 2-4 cm (range [1] [2] [3] [4] [5] His-Purkinje system, as reported for the human heart by Durrer et al. 27 In the remaining control patients no distinct contraction pattern was identified. Even in 13 healthy dogs previously studied by DA-ISPECT, two animals showed contraction patterns that were different from physiological expectations. The contraction patterns in healthy individuals therefore seem to vary probably because of interindividual temporal variation in the electrical excitation of ventricular Because there is no standard contraction pattern in controls, the investigator performing DA-ISPECT needs to know whether the patient being studied has a delta wave. In the clinical setting this information is always available. Each beat in a WPW patient with a delta wave is a combination of normal excitation along the His-Purkinje system and of excitation along the accessory pathway. The propagation of the earliest electrical excitation and ensuing contraction from the ventricular insertion site of the accessory pathway is slower than the electrical excitation along the physiological route (His-Purkinje system) which begins later. This makes it difficult to analyse the contraction patterns of such fusion beats. In seven of the patients the normal contraction pattern was seen when conduction through the accessory pathway was blocked (figs 5 and 6 Disadvantages of DA-ISPECT in WPW patients * The success of DA-ISPECT is limited when the preexcitation is small (narrow delta wave). group.bmj.com on October 15, 2017 -Published by http://heart.bmj.com/ Downloaded from Localisation of arrhythmogenic foci by SPECT Figure 10 Phase images from DA-ISPECT of a patient with an inferior aneurysm (case 6) during sinus rhythm (upper row) and during ventricular tachycardia (lower row). In contrast to the contraction pattern during sinus rhythm, the initial contraction during the ventricular tachycardia is located in the middle of the left ventricle, laterally and in the mid-ventricular area (see fig 3) , as indicated by the circle.
* In subsequent investigations preexcitation could be increased by pacing or drugs to improve the results of DA-ISPECT. * The presence and location of multiple accessory pathways cannot be detected. Nevertheless it is an additional tool to assess these patients before invasive procedures. In a few patients DA-ISPECT provides additional information that influences treatment (for example, in patients in whom atrial fibrillation is easily mechanically induced and in patients with thrombi). To date only a few patients have been investigated by DA- ISPECT. As the software becomes available to other centres, the method could be evaluated in more patients and its clinical usefulness could be determined.
